The promotion of physical activity and healthy eating to prevent obesity among youth is a pressing challenge. The current study examined the feasibility of community health workers (CHWs) conducting a physical activity (PA) and healthy eating intervention strategy with links to community supports and programs. Youth aged 10 -18 years were recruited from three clinical sites serving inner-city families. Trained CHWs conducted assessment and counseling for PA and healthy eating among youth and their families and provided customized plans and navigation to neighborhood PA and nutrition programs. Measures of daily PA by self-report, weekday and weekend day sedentary behaviors, fruit and vegetable intake, avoidance of fatty foods, and avoidance of sugary drinks were assessed at baseline and follow-up. Twenty-five patients (mean age = 12.9 years) were exposed to ~9 months of intervention from baseline. Pre-and post-assessments revealed significant changes in reported PA, sedentary behaviors on weekdays, sedentary behaviors on weekend days, fruit and vegetable intake, avoidance of fatty foods, and avoidance of sugary drinks. Results demonstrated the feasibility of having CHWs effectively influenced the PA and eating behaviors of inner-city youth. Greater success was evident when assessment and counseling for PA and healthy eating were accompanied by navigation to neighborhood resources. The use of CHWs may be a cost-effective approach impacting the PA, sedentary, and dietary behaviors of youth. * Corresponding author.
Introduction
The important influence of physical activity (PA) on reducing the burden of chronic diseases and enhancing quality of life is well established [1] [2] . Diet and PA have been identified as risk factors for overweight, obesity, and type 2 diabetes mellitus (DM) among children, adolescents, and adults [3] . Helping children/youth and their families makes and maintains changes in diet and PA is a pressing challenge. Translation and dissemination of effective behavior change programs to real-world settings is an area requiring additional research [4] . Community-based research methods offer one way to tailor evidence-based interventions to specific community settings [5] [6] . To date, efforts to combine clinic-based preventive care efforts with community-based programming among children and adolescents have not been carried out systematically. Recommendations from the United States Preventive Services Task Force's (USPSTF) Guide to Clinical Preventive Services (the Clinical Guide), which includes recommendations for physical activity and dietary counseling [7] , and the physical activity promotion recommendations from The Guide to Community Preventive Services (the Community Guide) [8] [9] , along with evidence-based assessment and counseling protocols for youth, referred to as the Patient-centered Assessment and Counseling for Exercise Plus Nutrition materials (PACE+) [10] - [13] offer the substance of an integrated intervention approach. We evaluated the feasibility and use of such evidence-based physical activity and dietary assessment and counseling protocols delivered among low-income, predominantly African-American and Latino pediatric patients (ages 10 -17 years) attending local community health clinics through the use of locally recruited and trained community health workers (CHWs). It was hypothesized that the combined evidence-based clinical (PACE+) and community-based interventions (local parks and recreation, faith-based, and community programs) would succeed in effectively promoting healthy eating and PA among an at-risk youth population when delivered through the use of trained CHWs.
Methods
This nine month feasibility project used a multi-component translational intervention study design and focused on primary prevention of the behavioral metabolic disease risk factors of poor dietary habits, physical inactivity, sedentary behaviors, and access to primary health care. The primary intervention sites were a community-based primary care pediatric clinic, and two high-risk pediatric subspecialty practices associated with an academic health center. These three sites are staffed by the academic health center's affiliated faculty. The clinic-based portion of the intervention consisted of assessment and counseling protocols designed to determine youth PA and eating behaviors and to provide customized PA and dietary recommendations.
Study Subjects
The targeted behaviors of PA and healthy eating were directed towards a total of 70 boys and girls who were 10 through 18 years of age along with their families and lived and received their education and health care in several lower income inner-city areas of the Chattanooga, Tennessee region of the United States. Trained CHWs administered all physical activity and dietary assessment tools and provided summary information to primary care providers responsible for each patient (Figure 1) . Measures of daily PA were expressed in number of days in the past week in which the respondent engaged in 60 minutes of moderate to vigorous intensity PA (PACE+ © physical activity 7 point scale, 0 days thru 7 days); weekday and weekend day sedentary behaviors (e.g., watching TV, playing video games, computer time, expressed in hours per day); fruit and vegetable consumption (number of servings of fruits and vegetables consumed each day, response categories from 0, 1, 2, 3, 4, 5, and 6+ reported as an average per day); avoidance of fatty foods (5 point scale, 1 = no, and do not intend to in the next 6 months, 2 = no, but intend to in the next 6 months, 3 = no, but intend to in the next 30 days, 4 = yes, but less than 6 months, 5 = yes, greater than 6 months), and avoidance of sugary drinks (5 point scale, 1 = no, and do not intend to in the next 6 months, 2 = no, but intend to in the next 6 months, 3 = no, but intend to in the next 30 days, 4 = yes, but less than 6 months, 5 = yes, greater than 6 months). These health behaviors were assessed at baseline and approximately ~9 months at follow-up. Each patient's initial assessment and counseling session conducted by the CHWs provided navigational information about environmental and program supports for physical activity and healthy eating in community neighborhoods. The CHWs used a commercially available online tool, Walkscore.com™, to accomplish this goal. Through the use of this tool, the CHWs provided walking maps, directions to fitness facilities and programs for children and adolescents, healthy eating establishments and markets to all patients undergoing the assessment and counseling.
Intervention Strategies
Intervention strategies included navigating participants to physical activity and nutrition programs offered through local community organizations, for example, local schools, local parks and recreation facilities, faithbased organizations, and other voluntary health organizations. As a result, each patient's physical activity and dietary plan, as detailed in the assessment program by the CHW, was tailored to individual patients not only by using personal behavioral characteristics and strategies, but also by utilizing place of residence, neighborhood resources, and access to facilities, affordability of programming, and other supportive environmental moderators.
Behavioral and Clinical Data Collection
Each child's weight and calculated body mass index (BMI) was assessed at baseline and follow-up using clinic charts and/or an electronic health record. Self-reported sedentary behavior (e.g., TV watching, computer gaming, and video watching), physical activity, fruit and vegetable intake, avoidance of fatty foods, and avoidance of sugary drinks was also assessed at baseline and periodically throughout the follow-up period. Human subjects' protection: All patients and their families were provided information about the study. Among families agreeing to participation, adults and children/youth provided informed consent/ascent, respectively. Study protocols and informed/ascent consent forms were approved by the University of Tennessee: College of Medicine Chattanooga/Erlanger Health System Institutional Review Board.
Data Analysis
All clinical and health behavior data were entered into an Excel spreadsheet and kept secure either in a password protected laptop and/or flash drive. Data were imported into IBM SPSS version 21 for data analysis. Summary statistics, means, standard deviation, standard error were calculated for both baseline and follow-up measures. Paired t tests were conducted among all pairs of patient data-(baseline, follow-up). Stratification of data by age and sex were also conducted. Comparisons of baseline measures of age, weight, and BMI among patients completing the intervention trial with 45 patients who elected not to participate in the intervention were conducted and were shown to differ in terms of weight, BMI, and health behaviors (results not shown).
Results
The mean period of follow-up was 8.6 months and was marked by a repeating of the behavioral assessments, anthropometric and usual care biomedical measures when available. Baseline patient characteristics for 25 patients who participated in the 9 month intervention program are displayed in Table 1 . Forty-five youth and their families elected not to participate in the intervention. These subjects were older (mean age = 15 years), more likely to be Caucasian, had a higher BMI, and lived in more remote areas of the city (data not shown). The mean age among participants was 12.9 years, 68% were female, with 76% of the youth of Latino/Hispanic origin and 16% African-American. Examining the clinical and behavioral measures (Table 1) , the initial mean weight of participants was 51.73 Kg, while the initial BMI was 23.34 Kg/m 2 which represented a mean BMI at the 69 th percentile, and a range from the 3 rd through the 98 th percentile. At follow-up (mean 8.6 months), comparing baseline assessments (Figure 2 ) revealed significant changes in reported physical activity(baseline 3.34 vs. follow-up 5.72, p < 0.0001); sedentary behaviors on weekdays (baseline 4.5 hr/day vs. follow-up 2.1 hr/day); sedentary behaviors on weekend days (baseline 3.5 hr/day vs. follow-up 2.6 hr/day, p < 0.001); fruit and vegetable intake (baseline 3.1 servings per day vs. follow-up 5.0 servings per day, p < 0.0001); avoidance of fatty foods (baseline 2.95 vs. follow-up 4.8, p < 0.001); and avoidance of sugary drinks (baseline 3.05 vs. follow-up 4.20, p < 0.001). There were no significant changes in weight (51.72 kg vs. 52.22 kg) or BMI (23.34 vs. 23.30) noted during the observation period. 
Discussion
The results from this feasibility study suggest that trained CHWs can influence the physical activity and eating behaviors of inner-city youth when assessment and counseling for physical activity and healthy eating is accompanied by navigation to neighborhood resources. The use of CHWs may be a cost-effective approach impacting the physical activity, sedentary, and dietary behaviors of youth. Our results appear to be quite timely since the rate of overweight and obese children and adolescents in the United States continues to increase. The increase in the prevalence of overweight and obesity among children and adolescents is similar to estimates among adults, and has been increasing disproportionately among African-American and Latino children and adolescents. Sixteen percent (16%) of African-American children are overweight, and an additional 15% are at risk for overweight or becoming obese. Latino children are the most overweight ethnic group of US children, with 22% overweight and 40% at risk for overweight or obesity, compared with 14% and 28% for white children, and 21% and 35% for African-American children, respectively [14] . Similar findings exist among the children and youth living in the region from which the subjects of the current study are drawn [15] . The advantages of modern technologies have fostered an epidemic of sedentary lifestyles and reduced levels of physical activity, with only 60% of American adolescents active at levels recommended for achieving health benefits, with nearly 25% of adolescents being completely sedentary outside of school [16] . Within the current study at baseline only 10% of youth were meeting the Physical Activity Guidelines for Americans, of 60 minutes of moderate to vigorous PA per day. Effective community-based strategies for physical activity promotion exist and are beginning to be utilized as noted in the current study. These evidence-based strategies have been reviewed by the Task Force on Community Preventive Services [8] . The use of CHWs evidenced in the present study underscores their application and use in the pediatric healthcare setting. Since CHWs are most often local community volunteers, as was the case in our study, these personnel are key people in their respective communities [17] . These individuals were selected and trained to provide counseling and guidance for active living and healthy eating among clinic patients and their families. The CHWs worked closely with clinic staff to ensure fidelity with each of the evidence-based protocols for healthy eating and active living used both in the clinic and Follow-up community settings. Using CHWs for patient navigation is a key innovative element in our project. Our results are similar to the initial findings of Patrick, et al., [10] where they employed community health educators and health behavior specialists. Hence the role of the CHWs in the present study clearly helped the research team accomplish the primary aims of the study in terms of positive health behavior change. The patient navigation component of the study helped ensure that patients and their families were made aware of and are put in contact with community structures, facilities, and programming in a practical and useful manner. The present study is one of the first to show the efficacy of using CHWs to implement successful active living and healthy eating interventions among a pediatric population as well as adding to growing literature that demonstrates the effective use of CHWs among persons living in low income communities to promote health and disease management strategies [18] - [20] . Our study is subject to the limitations of participants serving as their own controls; hence issues of self-selection and generalizability may exist. Finally, although all health behavior assessments were conducted by trained CHWs in person using valid and reliable instruments, the results are based on self-reported information and may be subject to some level of ascertainment bias.
Conclusion
Our study demonstrated that the innovative use of enhanced follow-up methods, such as implementing a patient navigation system that directs participants to environmental supports within their communities for active living and healthy eating, increasing the likelihood of translating and sustaining these important health behaviors which may be linked to the effective prevention and management of obesity and associated co-morbidities.
